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navigational aids will be upgraded and 
standardized at more airports. 

HUMAN FACTORS IH GENERAL. 
AVIATION 

Introduction 


VanCott and Altman viewed the emergence 
and development of human factors as a process 
occurring in three historical stages: 

ft) Primary emphasis on the machine 
with the human "adapted" to it by 
means of selection and training: 

(2) Primary emphasis cn man where 
the machine is adapted or designed 
for the man; and. 


For tens of thousands of years man was a 
pedestrian on earth, slowly moving and slowly 
developing his skills and abilities. Yet within 
the short span ot one lifetime he has taken to 
flying, left his feet and developed the ability to 
fly. In the history of aviation, there have been 
two major challenges: 

(1) the design and construction o* 
aircraft, and 

(2| the training of men to operate them 

safely. 

The response to the first challenge was 
and IS one of mankind's great accomplish- 
ments: aeronautical engineering was born and 
prospered and technological breakthroughs 
were achieved as airplanes became bigger and 
flew faster, higher, and longer. 

In response to the second challenge, the 
relatively few men sufficiently skilled and 
qualified to become operators were selected. 
During World War II, as airplanes became more 
complex, there was increasing emphasis on 
training and training processes. By the end of 
the war, the capacity to build complex weapons 
systems and vehicles, particularly aircraft, had 
considerably exceeded the ability of the 
average man to operate them, A movement to 
"humanize" these systems developed. Instead 
of searching *or the "right man for the right 
job." the jOb was built around the man. An in- 
terdisciplinary area emerged, variously called 
human factors, engineering psychology, or 
human engineering; its goal to examine man's 
uniquely human skills and limitations, his sen- 
sory, cognitive, and perceotual-motor 
capacities, and to apply this information to the 
design of equipment, vehicles and artificial en- 
vironments 
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(3j The newly ©merging emphasis on 
the overall system design in which 
man and machine components are 
optimally integrated to achieve 
system objectives,” 

A complex man-machine system in general 
aviation has been brought forth involving man 
as operator with aircraft, navigation, com- 
munications. and air traffic control systems A 
concept of growing prominence is that man- 
machine systems (including men and 
machines) should be designed to capitalize on 
those human talents and characteristics that 
are of optimal use in the system as a whole i e , 
to design the environment and the man- 
machine interface so as to make optimal human 
performance not only possiDle but predicta- 
ble. » 

As general aviation operations have ex- 
panded. human variables have become in- 
creasingly more important Technological ad- 
vances have been achieved but flight places 
demands on man which would have been 
unthinkable a life-time ago: behaviors such as 
paying no attention to his senses, moving in 
three-dimensional space without a visual 
horizon for reference, and monitoring dozens of 
instruments simultaneously 

The Human Component: 

The Individual 

Flymg holds a unique place in the lives of 
most pilots. Often a pilot during flight sees the 
aircraft as an e.xtension of himself. Yet accord- 
ing to Yanowitch. et al if a p'tot accumulates 
stress m his life with which he can no longer 
cope, that aircraft may become an instrument of 
self-destruction In the context of (lying the 
pilot may engage in subinientional self- 
destructive acts These include such behaviors 
as neglecting important items on the pre-flight 
check, taking-off with barely enough fuel, or 
flying an aircraft which has been poorly main- 
tained.^* 

Based on information presented u. NBA .1 

Business Flying (1974). a typical pilot otufilH 
shows that he is most often male well ed>. 


48 



cated, earns a good income, has probably seen 
a.'ive duty with the military (but not necessarily 
as a pilot), IS most frequently married and has 
never been aivorced, and is. on the average, 36 
years old General aviation pilots appear to 
be exemplary American citizens. 

While fewer than five percent of all pilots 
are women i36.CKX) out of a total of 7^,CX)0). the 
average female pilot is slightly younger than 
her male counterpart. As a group, general avia- 
tion pitots appear to better educated than the 
average American citizen with about 80 percent 
having had at least some college education. 
More than 60 percent of general aviation pilots 
earned income in excess of $15,000 in 1973 
Their mar.tal status appears similar to that of 
the general population. 

While there has been an increase of about 
2» percent in the number of certified airmen 
over the past 23 years, the average general 
aviation pilot is getting older. For example, in 
19'“'’ about 70 percent of the pilots were under 
3 ’ _ rars of age while less than 50 percent are 
today Fortunately, many of the complex psy- 
chological functions required of pilots depend 
upon judgment, reasoning, and experience and 
these have been found to be very resistant to 
deterioration with age, MacFarland pointed out 
that I native mentai ability, motivation, and tn- 
leres' remain high, no signi :ant adverse 
trends in mental performance by pilots need to 
be expected up to ‘he ape of 55 or 60. ’’ 

There are some humn abilities, however, 
that have been found to deteriorate substan- 
tially with age in the general population. These 
include vision, hearing, memory for recent 
events, and reaction time. Unless the design of 
general aviation aircraft accommodates this 
age trend, many pilots will have tc conclude as 
did Ralph DeBruler in an ahiole entitled “Age 
60 On Final?": 

So my time of reckoning is at 
hand I will take another check ride 
This time 1 will do it on an airport 
where ! am a stranger, where 1 do not 
Know the instructor, and where I am 
not familiar with the airplane.. . I 
do well in the checkride. I will fly a 
while longer, 'n any case, there is a 
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decision point some time in the 
future. I hope I can recognize it when 
it comes and accept it with grace,*® 

Pilots sometimes see themselves as a 
breed apart ar*d tend to think of themselves as 
somewhat different fom other men in their ap- 
proach to life. In an attempt to determine how 
the personalities of general aviation pilots com- 
pared with average adult males. Novel lo and 
Youseh administered a battery of psychological 
tests, including the Edwards Personal 
Preference Scale, to 1 70 male general aviation 
pilots, *’ 

In comparing the average general aviation 
pilot with the mean of males in the general 
United States population, the pilots were found 
to score significantly higher on five factors: i1 } 
achievement {to accomplish tasks!. (2) exhibi- 
tion (tc talk about personal adventures). (3) 
dominance (to argue for one's pent of view). 
(4) change (to do new things’ and (5i 
heteto^xuality (to be interested in members of 
Hie opposite sex). 

General aviation pilots were found to score 
significantly lower than the average United 
States male on seven factors: (1) deference ito 
do what IS expected). (2) order (to have things 
organized). (3) affiliation (to participate in 
groups), (4) sucoM’ance (to have others oFovioe 
help). (5) abasement (to accept blerriei. (6) nur- 
turance (to assist orhers). 2 ,nu ( 7| endyrance (to 
work hard at a task;. 

Novel lo and Youseff concluded that there 
is. indeed, a core of personality traits common 
to pilots. They termed this core an “aviatton 
profile" because it was also manifested by Navy 
pilots. The authors went on to describe the per- 
sonality of general aviatior pilots. 

This aviation profile fits well 
with the popular description of pilots 
in song, movie and verse as 
courageous, romantic "he-men". 

From a psycho-analytical point of 
view, this profile appears to describe 
an active-mascuN'ie or "phallic" 
male, that is, a man who is oriented 
toward demonstrating his strength 
end competency, who thrives on ad- 
venture. who finds pleasure in 
mastering complex tasks, and whose 
manifest sexual orientation is 
decideiy heterosexual.** 

Training 

in addition to the airplanes themselves, 
equipment used in general aviation training 
ranges from relatively simple procedureal 
trainers to full-scale simulation systems. Pro- 
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cedure and familiarization trainers are used to 
teach nomenclature and procedures, to provide 
the student pilot with an opportunity io practice 
techniques, and to deveiop concepts during ex- 
;osure to different situations. Skill trainers and 
simulators are used to allow the pilot to prac- 
tice responses to a wide variety of situa- 
tions. ** 

Fidelity of simulation refers ‘o how 
realistically the flight situation is represented in 
the trainer or simulator. A rule of thumb has 
been that as fidelity increases, so do the costs 
of construction and maintenance of a simulator. 
Although high fidelity in simulation has been 
thought essential to good pr®:tice situations 
and to gain acceptance and motivation on the 
part of the student, recent research reveals that 
practice on inexpensive, low fidelity flight 
trainers can produce savings in terms of flight 
hours up to 60 percent. •** 

According to Bryan * and Bowen, et til., 
some tasks which can be simulated in a flight 
trainer and for which the student pilot is scored 
in terms of his performance are: checklists 
(ground and airborne), communications 
(ground ana airborne), flight maneuvers, instru- 
ment navigation, and malfunctions 

In addition to providing individualized 
flight training, task trainers have been 
developed to provide simultaneous experience 
to a group of student pilots, each of whom is 
seated at an individual station while the instruc- 
tor operates the training system from a console. 
Radio voice procedure represents an example 
of an appropriate task for such a training 
setup.** 
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Until check rides were recently required. 

active pilots by definition were those who held 
current medical certificates. Maintenance of 
active status, however, did not imply that the 
pilot actually flew since they updated their cer- 
tificates merely by undergoing periodic physi- 
cal examinations. 

Following the old rubric of “use it or lose 
if flying skills degrade rapidly when they are 
not used, but return rapidly with practice. Thus, 
simulators can be beneficial in maintaining and 
in upgrading flight skills. Hellister found that a 
group of experiential flight factors accounted 
for 25 percent of the variance between in- 
dividual general aviation pilots (30 percent of 
the variance was due to individual differences 
and 45 percent was due to random variation, in- 
teraction effects, and noise in the measurement 
process). The importance of the variance at- 
tributed to experiential factors is that it can be 
reduced by practice. To bring a pilot with 
degraded skill back up to standard in one learn- 
ing session. 0.6 hours of flight for each year 
spent with no flying was required. *’ 

Employmwit 

Predictions have been made that the 
employment level of active airmen wiM be 

driven up steadily over the next decade. In 
1974. NBAA Business Flying reported that there 
were approximately 53.500 pilots employed m 
civil aviation in 1972 of whom rougnly 22.000 
flew general aviation aircraft. Considering the 
total number of certified airmen in the United 
States a relatively small proportion earn their 
livelihoods by flying. Tentative Bureau of Labor 
Statistics figures reported in the same issue of 
NBAA Business Flying estimated that approx- 
imately 68 OCX) pilots were emplo'yed in civil 
aviation in 1973. 

Accidents and Safety 

The final analysis and identification of the 
causes of all accidents, whether in air transpor- 
tation Of in general aviation, are the legal 
responsibility of the National Transportation 
Safety Board (NTSB). Generally, airline crashes 
and fatal genera! aviation accidents are in- 
vestigated completely by the Boa'd itself. Some 
accident fact-finding jobs, however, are 
assigned to the Federal Aviation Administra- 
tion. Among these are the preliminary in- 
vestigation of non-fatal general aviation acci- 
dents. Though thorough and painstaking, most 
general aviation accident inquiries give the im- 
pression that a unique occurrence has been in- 
vestigated. one that has not happened in tne 
past and which could not happen again No ioio 
of general aviation aircraft accidents has ceen 


50 


15001 


10 - 



500 


4 - 

1%0 


1965 




TOTAL FATALITIES 
FATALITIES PER lOO.OOOHRl 


1970 1975 


Source: National Transportation Safety Board. 1974 Data 

GENERAL AVIATION FATALITIES 1960-1973 
FIGURE 1-10 


built up for there <s little transfer of design im- 
plications from one accident to another.*’ 

Introducing a discussion of accidents. 
Hoekstra and Huang stated unequivocably that 
"the safety record of general aviation in the 
United States over the period 1959 - 1969 
reveals that flying was much safer at the end of 
the period than at the beginning." ** Figure 1-10 
reveals that the record is not quite as good as 
those brave words imply. The number of total 
fatalities has increased markedly over the 
period 1960 * 1973. but then, so have general 
aviation activities. The rate of fatalities per 
100.CXX3 hours flown, a more comparative index 
because it is free of activity level, is indeed 
lower in 1973 than it was at the beginning of the 
period, and considerably better than the worst 
year. 1964. To conclude that there has been any 
marked gain in safety over this particular period 
would be imprecis , because of the up and 
down fluctuation of the curve By regarding a 
much longer period of time, such as a span of 
50 years, one can truly say that flying hss 
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become much safer since today's aircraft are 
much more reliable than they were in the days 
of World War I when two-thirds of all air 
casualties were caused by accidents, not 
enemy action, “ 

Since general avidtion encompasses many 
types of flying activities, one can determine 
which activities have better or worse safety 
records. In 1968. in terms of the rale of acci- 
dents per 100.000 flying hours, bi»siness, 
transport, commercial flying, and air taxis had 
the best records while experimental flying, per- 
sonal flying and other non -commercial flying 
had the worst as shown in Table i-Vlli. From 
these data one can make the observation, for 
example, that Instructional Flying, while con- 
tributing a high number of total accidents (Rank 
=2) was, nonetheless, safer than several other 
forms of general aviation flying. 

The phases of operation of an aircraft at the 
time an accident occurs are presented in Table 
I-IX with the percent of total accidents which 
occurred in each phase averaged for the years 
1968 and 1969. Approach and landing opera- 
tions, accounting for about 50 percent of the 
total accidents, appear to be the most 
dangerous phases of flying, tn-flight accidents 
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TABLE i-Vllt 


RATE AND RANK OF TOTAL ACCIDENTS 
PER GENERAL AVIATION ACTIVITY, 1968 


Type of Flying 

Experimental, Test, Demonstration, 

Air Shows, Etc. 

Other Non-Commercial Flying 
Personal Flying 
Aeriai Application 

Instructional Flying 
Busi ness T ransport 


Rate per 

1QQ,0(K} flying Iwurs 

100.00 

32,88 

30.93 

28.63 

15.16 

13.18 


Rank by Number 
of accMente 

5 

7 

1 

4 

2 

3 


Other Commercial Flying 11 .05 8 

Air Taxi 8J0 6 

Source: Derived from Hockstra and Huang, Safety in General Aviation. Carmen Printing, New 

York. 1971. 


TABLE l-IX 
GENERAL AVIATION 

PERCENT OF ACCIDENTS WHICH OCCUR DURING DIFFERENT OPERATIONS 

Flight Op«rafion Fercwt Occuifwwe 


Static 0.6 

Taxi 4.0 

Take-ofl/lnitial Climb 18.2 

In-Flight 26.3 

Appfoach/Landing 49.7 

Undetermined 1 .3 


Source: Derived from data reported by Hockstra and Huang. Safety in General A viation. Nev York: 

Carmen Printing, 1971, 


account for slightly more than 25 percent while 
takeoff and initial ciimb is the third most 
dangerous maneuver with slightly less *han 20 
percent of the accidents occurring during this 
phase. Because pilot error causes the prepon- 
derance of accidents on approach and landing, 
a concentrated effort to impr've safety perfor- 
mance in this particular area would yield the 
greatest payoff. 

Accidents often involve a series cf events, 
the occurrence of each being crucial for the ac- 
cident to happen; however, statisicians treating 
NTS8 investigative data establish single 
causes whenever possible. In 1968-1969 tw'o 
causes were established in more than half of 
the cases (yielding a combined total in excess 

** HoaksffB and Htiiing, op eit 
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of 100 percent). The pilot was cited over- 
whelmingly. in 83 percent of the cases, as the 
cause of most general aviation accidents. 
Weather (21 percent) ran a poor second to pilot 
error, followed closely by mechanical failure 
(17 percent). Terrain, personnel, airport/airway 
facilities, and miscellaneous causes followed 
in that order. 

In recent decades human error consis- 
tently has been the highest causal category for 
accidents in both general aviation and in air 
transportation The NTSB assigned pilot factors 
as causal in 58 percent of the fatal air carrier 
accidents for the years 1964-1969. Though oet- 
ter than pilots in general aviation, the figure is 
still too high for acceptance. 

Throughout the world the idea is supported 
th . human far‘-'s on the part of the pilot are 

responsible f ' of the fatal accidents; yet. 
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the general opinion seerrs to be that the 
problem is so complex that little or nothing can 
be done about it. ”, ‘’Pilot error” is a 
■ basket ’ expression covering a number of 
different sorts of errors^ It is easy to say that a 
pilot failed to use proper judgment, but hard to 
show how the relationship of major stiuational 
constraints, design, equipment or system in- 
fluences contributed to a given failure in judg- 
ment. Knowing that a pilot committed an error 
IS of little preventative value without knowing 
the cause, and only recently has there been in- 
creased discussion about pilot errors which are 
"design induced."*^ 

Beaty noted that the term "pilot error’ does 
not even begin to separate professional skill er- 
rors from more typical huma. errors To him. 
professional skill errors occur when the pilot 
lacks .he experience or skill to do any better. 
He defined human errors as those connected 
specifically with the fact that the person in- 
volved is a fallible human being, ^ 

Ir March. 1971. the Secretary of Transpor- 
tation ordered a study to analyze the factors 
contributing to general aviation safety in order 
to reduce tne accident rate. ** The resulting 
recommendahons included biennial flight 
reviews of pilot competency, a general aviation 
accident prevention program. Increasing the 
requirements for flight instructors, and 
establishing a stanaard traffic pattern rule at 
uncontrolled airports, among others. The 
recommendations appear to be a step in the 
right direction. 

From a human factors perspective, an acci- 
dent represents a total failure of the man- 
machine system in aviation, if pilot error is truly 
the major cause of aviation accidents, one can 
reach either of two conclusions: (1 1 remove this 
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low reliability component (i.e.. the pilot) from 
the system, or (2) redesign the system so pilot 
performance is optimized 

Man-MacMne Dynamics 

The discipline of human factors has 
focused especially upon man-machine rela- 
tionships. Some deal with the psychomotor 
responses of the human controlling the device 
or vehicle he uses; others with perceptual and 
cognitive human functions such as informa- 
tion-seeking and decision-making based on in- 
strument displays. *■ There have been literally 
thousands of pilot-airplane research studies 
sponsored primarily by defense agencies over 
the past 25 years. Many of these studies have 
been relevant to general aviation but, unfor- 
tunately. there has not been a compilation to 
date. The present discussion wilt be limited to a 
brief examination of the field with a few studies 
cited for illustrative purposes. 

In a theoretical sense, human performance 
must be considered in terms of various sensory, 
mental, and motor activities; but, m a specific 
task situation, human performance is inextrica- 
bly intertwined with the performance charac- 
teristics of the physical e»tuipment In the 
1940 s. for example, to measure the impact of 
airframe dynamics on a pilot, aeronautical 
design engineers at the Cornell Aeronautical 
Laboratory built the first airplane whose 
stability could be varied systematically. The 
airplane was "black-boxed" in such a way toat 
by impressing control surface motions on tho-se 
made by the pilot, the pitch, roll, and yav 
responses of the airplane could reflect those of 
a variety of conventiona! aircraft. Pilot perfor- 
mance, opinion, and acceptance of various fre- 
quency and damping modes were thus tested 
and empirical research directed toward im- 
provement in airplane control design was initi- 
ated 

Most everyone is aware the vehicular con- 
troi systems having widely different dynamics 
may fee! "good" or "bacT to the operator. 
Studies such as the one by von Doenhoft and 
Jones have led to the use of experimental pilots 
as "vocal adaptive controHers ' General avia- 
tion aircraft designers have made extensive use 
of opinion ratings by »est pilots .n the construc- 
tion of aircraft for good handling charac- 
teiistics, 

Over the years general aviation aircraft 
have become progressively more reliable and 
stable This has not been accidental, but has 
grown out of continuing research and extensive 
trial and error. Basically, a pilots control ac- 
tivity m flying an airplane can be broken uuu 
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three general categories: (1| stabilization, (2! 
nnmmand maneuver, and (3) event responses 

Stabilization is essentially a task of error 
reduction. Studies based on servo-mechanism 
theory, such as Westbrook s m 1959, have 
analyzed both the controlled element (some 
aspect of an airplane's control system l and the 
pilot's workload ‘ ' The performance of com- 
mand maneuvers utilizes the same airplane 
control system as stabilization, but here the er- 
ror component is neither directly displayed nor 
easily detected. Some command maneuvers, 
such as takeoff rotation in a helicopter, may 
even use non-visual signals; others such as 
airplane roll have no detectable error signal at 
all. Because all tracking maneuvers are a mix of 
command maneuvers and stabilization tasks, 
human factors was itimately involved in track- 
ing studies for many years. The studies of 
Levine ** and Rockway and Pranks “ reflect this 
concentration. Event responses include single, 
discrete actions such as turning a dial or throw- 
ing a switch. A, study such as Hunt's (in 1957) 
which recommended 15 shape-coded knobs to 
be used in aircraft controls is an example of 
research related : event responses. “ The goal 
of all such research has b»n the improvement 
of pitot performance through simulator training 
or the improvement of system performance 
throiigh airplane control systems and cockpit 
displays designed more optimally, 

A display is considered to be any method of 

presenting information indirectly in some 
coded form. Elements of cockpits, such as 
some instruments and controls, have been im- 
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proved in design. Nevertheless, the whole 
operating environment in most civil aircraft 
leaves much to be desired. The pilot has to fit 
himself in among a myriad of switches, con- 
trols. levers and dials, and adjust himself the 
best way he can. instead of the other way 
around, *' 

Not all displayed information is visual; the 
sense of hearing also has been utilized in the 
cockpit, particularly for emergency situations. 

Audio warning systems— such as the stall 
warning horn, the gear-up horn, and the radio 
bleeper system on ILS approach have been 

derived. 

A now classic Air Force study by Jones, 
Milton, and Fitts in 1949 led to recommenda- 
tions for display panel layouts based on pilots' 
eye-movements during a climbing maneuver,*’ 

Th«i applicability to general aviation of this and 
other layout studies became apparent in the 
late 1950's when the FAA modified Part 23 of 
the Federal Aviation Regulations (Airworthi- 
ness Standards of General Aviation Planes) to 
specify a “T" arrangement directly in front of 
the pilot of airspeed, attitude, altitude, and 
direction indicators. To date, however, the 
location of only these four instruments has 
been standardized. A confusing clutter .is re- 
ported by many gem.rcl aviation pilots who 
switch from one airplane to another. Other 
airplane displays and controls, not to mention 
optional navigation and communications 
equipment, often appear to be placed accord- 
ing to the manufacturer's or the first owner's 
whim rather than by their frequency of use or 
importance. Further. Beaty reported that in 
analyzing reactions to their own instruments, 
many pilots mought a number of them were 
confusing particularly the airspeed indicator, 
altimeter, visual failure warnings on let-dow n . 
altitude instruments, and radios. There was 
also criticism of the general layout and design 
of instruments and switches 

In a plane traveling at both a constant 
speed and altitude, orientation is no problem 
But in var us aircraft maneuvers-.-mrlydinc 
changes in speed I acceleratiDii! banking and 
pushovers— the sensory cues received by a 
pilot are misleading and can give rise to d-s- 
orientation Judgments of the aniount of ba"k 
have been found to be grossly underestimated 
while a tendency to perceive acceleration as ,1 
slight climb and deceleration as a slign: dive 
has also been reported ' Pilots when 
decelerating for a landing under conditions nr 
poor visibility may overshoot the nmwd, by c.v 
reeling for an illusion of descending ‘, i- 
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rapidly. This may partly account for the fact that 
there are twice as many overshoot accidents as 
undershoots. 

Oisorientation, as weir as visual illusions, 
is enhanced under conditio"'' of fog. darkness, 
or clouds when the pilot hat n viujal frame of 
reference. The effect of rotary motion and angu- 
lar acceleration, particularly with refp'ence to 
visual illusions, is a subject of very ecent in- 
vestigation, Ar. explanation is being 

sought for a phenomenon reported by pilots in 
the past of attempting to join up in formation 
with stars, buoys, and even street tights that ap- 
pear to be moving. 

The Man-Environment Interface 

While many instruments on a pilot's dis- 
play panel relate to the state of subsystems 
within the airplane, often the most critical in- 
struments are those which give the pilot infor- 
mation about the relation of his plane to the ex- 
ternal environment Because of the high inci- 
dence of accidents during the landing pnase of 
flight operations, considerable effort has been 
expended to develop flight displays which pro- 
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vide information the pilot could acquire other- 
wise by direct viewing of the outside world, but 
with signals added to indicate the correct flight 
path. A display presenting a pictorial analog pf 
the real world has been developed by 
Greuther, A ’ •heads-up’ ' display which Indi- 
cates the landing site for general aviation 
airplanes is being investigated by NASA- 
Langley. 

Instrumentation of a plane's attitude, 
airspeed, velocity, flight path, and relative bear- 
ing to reference points is distributed in various 
locations on a pilot's display panel. During cri- 
tical flight maneuvers, the pilot has difficulty in- 
tegrating these sources of information, A dis- 
play aid which would superimpose attitude, 
airspeed, heading, and position information 
directly on the windshield, thus removing the 
necessity for the pilot to search among his in- 
struments, is presently under study by NASA. 
Such information could be color-coded and 
available to the pilot on demand. 

The general aviation traffic environment at 
uncontrolled airports has also come under 
NASA’s scrutiny. After radar tracking at three 
airports and a survey of pilot preferences about 
landing procedures, a standardized landing 
pattern is being recommended to yield safer ap- 
proach and landing performance at airports 
without rowers. 

The last several years in general aviation 
have seen a marked improvement in avionics 
equipmerit, Pilots get lost less frequently, the 
national airspace is utilized more fully, the 
possibility of mid air coHisioris is reduced, and 
existing airports can handle increased traffic 
loads more safely as a result of this ‘'avionics 
explosion '■ Despite increased safety, an unfor- 
tunate consequ6r*ce is that pilots’ workload has 
increased. The workload is so demanding that 
the Learjet. for instance, requires two pilots. In 
many situations the pilot's tasks border on 
overload to the point where the pilot may not be 
able to handle emergencies. The use of com- 
puter technology and programming to take over 
at least routine monitoring functions of the pilot 
is seen as a possible solution to the trend of in- 
creasing complexify of the pilot's *ask. 
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